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A human gene has been discovered which is genetically altered in human tumor cells. The genetic alteration is gene ampli- 
fication and leads to a corresponding increase in gene products. Detecting that the gene, designated hMDM2, has become ampli- 
fied or detecting increased expression of gene products is diagnostic oftumorigenesis. Human MDM2 protein binds to human 
p53 and allows the cell to escape from p53-regulated growth. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used 10 identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Anuria 


FR 




MR 


Mauritania 


AO 




CA 


Gabon 


MW 


Malawi 






CB 


Urtftcd tOopfcxa 


NL 


Nctbcrtaodb 


BE 




CH 


Guinea 


NO 


Norway 


BP 


ferLauFtno 


CR 


Greece 


NZ 


New Zealand 


BC 




HU 


lli«f»j 


PL 


Poland 


ftl 


Benin 


IE 


Ireland 


PT 


Portugal 


•ft 


Bo/0 


rr 


Italy 


no 


Romania 


CA 


Omnia 


jp 


Japan 


ftl) 


(tuao Federal! 


CF 


Central African Republic 


BP 


Democratic People* Republic 


so 


Sudan 


cc 


<*ujp 




of Km 


SB 


Sweden 


CH 


Swttarrlaad 


KB 


Republic of Korea 


sx 


Slovak Republic 


a 


Cole dl voire 


KZ 


fevaLfeua 


SN 




CM 




U 




Stf 


Soviet Union 


cs 




Uv 


aritanU 


TO 


Chad 


cz 


OcdvRcpaWk 


Ul 


IjMaDbona 


TC 


Top, 


DC 


Germany 


MC 




UA 


Ukraine 


DK 




MC 




US 


' United State* of 


ES 




Ml 


MaD* 


VM 


Vict Nan 


ft 


Mnmud 


MN 


Mongolia 







WO 93/20238 



PCT/TJS93/03199 



AMPLIFICATION OF HUMAN MDM2 GENE IN HUMAN TUMORS 

This application is a continuation-in-part of United States Serial No. 07/903,103, 
filed June 23, 1992, which is a contumation-in-pait of United Stales Serial No. 
07/867,840, fOed April 7, 1992, now abandoned. 

This invention was made with support fiom the U.S. Govenm^ 
gouts CA-57345, CA-43460, CA-02243 and CA-35494. Accordingly, the Government 
retains certain rights in the inv ention . 
FIELD OF TH E INVFNT TnN 

The invention relates to the area of cancer diagnostics and therapy. Mote 
patticulariy.tlie invention relates 
human tumors. 

BACKGROUND OF THE flN /VENTTON/ 

Accoiding tr- the Knudson model for tnmorigenesis (Cancer Research, 1985, vol. 
45, p. 1482), there are tumor suppressor genes in all normal cells which, when they 
become non-functional due to mutation, cause neoplastic development EvHencc for this 
mcdel has been found meases of rethwblasm^ The inrplicated 

suppressor genes in these tumors, RB and p53 respectively, were found to be deleted or 
altered in many of the tumors studied. 

The p53 geiie produce therefcrc, app^ 
which regulate normal cellular imrfiieiation artf 
Mutations* the p53 gene havers 
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in p53 protein function arc involved in cellular transformation. The inaOivation of the 
p53 gene has been implicated in the genesis or pr o gr es si on of a wide variety of 
carcinomas (Nigra et aL, 1989, Atoane 542:705-708), including human colorectal 
carcinoma (Baker et aL, 1989, Science 244:217-221), human lung cancer (IakahasH et 
aL. 1989, Science 24&491-494; Iggo et aL, 1990, Lancet 555:675-679), chrome 
myelogenous leukemia (Kdman etaL 1989, Proc Nad, Acad. Set. USA 85:6783-6787) 
and osteogenic sarcomas (Masuda et aL, 1987, Proc Nad. Acad. Sd. USA 84:7716- 
7719). 

While there exists an enonnous body of evidence linking p53 gene mutations to 
human tumorigenesis (HoDstein et aL, 1991, Science 255:49-53) little is known about 
cellular regulators and mediators of p53 function. 

Hinds et al. (Cell Growth & Differentiation, 2:571-580, 1990), found that p53 
cDNA clones, co ntaining a point mutation at amino acid residue 143, 175, 273 or 281, 
cooperated with the activated ras oncogene to transform primary cat embryo fibroblasts 
in culture. These mutant p53 genes are representative of the majority of mntations found 
in human cancer. Hollstein et aL, 1991, Science 255:49-53. Tlie transformed fibroblasts 
were found to produce elevated levels of human p53 protein having extended half-lives 
(1.5 to 7 hours) as compared to the normal (wild-type) p53 protein (20 to 30 tnhmtes). 

Mutant p53 proteins with mutations at residue 143 or 175 form an ofigomeric 
protein complex with the cellular heat shock protein hsc70. While residue 273 or 281 
mutants do not detectably bind hsc70, and are poorer at producing transformed foci than 
the 175 mutant, complex formation between mutant p53 and hscTO is not required for 
p53 ^nwnai r d oansfo nnatioa. Complex formation does, however, appwrtn facilitate this 
function. All cell lines transformed with the mutant p53 genes are tumorigerric in a 
thymic (nude) mice. In contrast, the wild-type human p53 gene does not possess 
transforming activity in cooperation with ras. Tuck and Crawford, 1989, Oncogene Res. 
4:81-96. 
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Hinds et aL, supra also expressed human p53 protein in transformed rat cells. 
When the expressed human p53 was inmiunoprecipitated with two p53 specific antibodies 
directed against distinct epitopes of p53, an unidentified M, 90,000 protein was 
coimmunopiecq>itated. This suggested that the rat M, 90,000 protein is in a complex 
with the human p53 protein in the transfonned rat cell line. 

As mentioned above, levels of p53 protein are often fairer in transformed cells 
than normal cells. This is due to mutations which increase its metabolic stability (Oven 
et al. t 1981, Mol CelL Biol J: 101-110; Reich et aL (1983), Idol Cell Biol 3:2143- 
2150). The stabilization of pS3 has been associated with complex formation between pS3 
and viral or cellular proteins. (Linzer and Levine, 1979, Cell 17:43-52; Crawford et aL, 
1981, Prvc. Natl Acad. Sd. USA 78:41-45; Dippold et aL, 1981, Proc. Nad. Acad. Set. 
USA 78:1695-1699; Lane and Crawford, 1979, Nature (Land.) 278:261-263; Hinds etaL, 
1987. Mol COL Biol 7:2863-2869: Finlay et aL, 1988, Mol CelL Biol 8:531-539; 
Saroow et aL, 1982, CelL 28:387-394; Gronostajski et al., 1984, Mol Cell Biol 4:442- 
448; Pinhasi-Kimhi et aL, 1986, Nature (bond.) 520:182-185; Ruscetti and Scolnick, 
1983, /. Virol 46:1022-1026; Pinhasi and Oren, 1984, MoL CelL Biol 4:2180-2186; 
and Sturzbccher et al., 1987, Oncogene 1:201-211.) For example, {53 protein has been 
observed to form oligomenc protein complexes with the SV40 large T antigen, the 
adenovirus type 5 E1B-M, 55,000 protein, and the human papilloma virus type 16 or 18 
E6 product. linzer and Levine, 1979, Cell 27:43-52; Lane and Crawford, 1979, Nature, 
278:261-263; Sarnow et al., 1982, Cell 28:387-394; Werness et aL, 1990, Science. 
248:76-79. Similarly, complexes have been observed of plQ5** (the product of the 
retinoblastoma susceptibility gene) with T antigen (DeCaprio et aL, 1988, Cell 54:275- 
283). the adenovirus HA protein (Whyte et aL, 1988, Nature 354:124-129) and the B7 
protein of human papilloma vims 16 or 18 (Munger et aL , 1989, EMBO J. 8:4099-4105). 
It has been suggested that interactions between these viral proteins andplQ5** inactivate 
a growth-suppressive function of plQ5 u . imtnirfring deletions and mutations commonly 
found in the SB gess in tumor cells. In a similar fashion, oligomenc protein complex 
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forniation between these viral proteins and p53 may eliminate or alter the function of 
p53. Fmlay et aL, 1989, Cell 57:1083-1093. 

Fakharzadeh et aL (EMBO /. 10:1565-1569, 1991) analyzed amplified DNA 
sequences present in a tumongenic moose cell line (i.e., 3T3DM, a spontaneously 
transformed derivative of mouse Balb/c cells). Studies were conducted to detcanme 
whether any of me amplified genes mducedtumorigenicity following 
ainplified genes into a nontransfomedi^^ 

Tteresuhmgcen lines were tested for tunumgenichy m imde mice. A gene, designated 
MDM2. which is amplified more than 50-fold in 3T3DM cells, induced tunwrigematy 
when oveiexpressed in MH3T3 and Kat 2 cells. Enim the nucleotide and predicted 
amino acid sequence of mouse MDM2 (mMDM2), Fakhax^ speculated that this gene 
encodes a potential DNA binding protein that functions in the modulation of expression 
of other genes and, when present in excess, interferes with nonnal constraints on cell 
growth. 

SUMMARY O F THE INVENTIO N 

ft is an object of the invention to provide a method for diagnosing a neoplastic 
tissue, such as sarcoma, in a human. 

ft is another object of the invention to provide a cDNA molecule encoding the 
sequence of human MDM2. 

Yet another object of the invention is to provide a prepaiation of human MDM2 
protein which is substantially free of other human cellular proteins. 

Stfll another object of the invention is to provide DNA probes capable of 
hybridizing with human MDM2 genes or mSNA molecules. 

Another object of the invention is to provide antibodies immunoreactive with 
human MDM2 protein. 

Stfll another object of the mvention is to provide lots for a 
or elevated expression of human MDM2. 
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Yet another object of the invention is to provide methods for identifying 
compounds which interfere with the binding of human MDM2 to human p53 . 

A further object of the invention is to provide a method of treating a neoplastic 
human cell. 

Yet another object of the invention is to provide methods for inhfch^ 
of tumor cells which contain a human MDM2 gene amplification. 

StiUanoherobjcaoftheirrventiOT 
the binding of human MDM2 to human p53. 

A further object of the invention is to provide a method for growing host cells 
containing a p53 expression vector. 

It has now been discovered that hMDM2, a heretofore unknown human gene, 
plays a role in human cancer. The hMDM2 gene has been cloned and the recombinant 
derived hMDM2D IO tem shown to bmdtohmnanp53inrfm,. hMDM2 has been found 
to be amplified m soine neoplastic ceto 
has been found to be correspondingly elevated m 

The elevated levels of MDM2 appear to sequester p53 and allow the cell to escape from 
p53- regulated growth. 

BRIEF DESCRIPTION ok ti ^e to AHBSfi S 

Figure 1A-C shows tte cDNA sequence of tomanMDJVO. In this figure, toman 
and mouse nucleotide and am^ 

shown only where h differs from the conesrxmding human sequence. 
Figure 2 shows that hMDM2 binds to p53. 

Figure 3 illustrates the anrolification of the hMDM2 gene in sarcomas. 
Figure 4A-C illustrates hMDM2 expression. 

Figure 5 shows the mhfcition of remediated tiansactrvation by MDM2. Yeast 
were stably transferred with expression plasmids encoding p53, lex-VP16, MDM2 or the 
appropriate vector-only controls, as indicated. p53-resrx>nsrve (bars *«) or lexA- 
resrxmsive (bars d-f) /S-galactosidase reporter plasrnids were used to assess the response. 
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Insec Western blot analysis demonstrating MDM2 (90 kD) and p53 (53 kD) expression 
in representative yeast strains. The strain indicated by a pins was transfected with 
expression vector encoding foil length MDM2 and p53, while the strain indicated by a 
minus was t ansfec t e d only with the p53 expression vector. 

Figure 6 shows the determination of MDM2 and p53 domains of interaction. Kg. 
5A and Fig. SB. Random fragments of MDM2 were fused to sequences encoding the 
lexA DMA binding domain and the resultant clones transfer into yeast carrying 
pRS314SN <p53 expression vector) and pJK103 (IexA-responsrve 0-galactosidase 
reporter). Yeast clones expressing fl-galartosiriase were identified by their blue color, 
and the MDM2 sequences in the lexA fusion vector were determined. /3-galactandase 
activity was observed indepeadent of p53 expression in A, but was dependent on p53 
expression in B. The bottom 6 clones in B were generated by genetic engineering. Kg. 
6C. Random fragm e nts of p53 were fused to the sequence encoding the B42 acidic 
activation domain and a heniagglutinin epitope tag; the resultant clones were tansfected 
into yeast carrying lexA-MDM2 (lexA DNA binding domain fused to full length MDM2) 
andpJKHB. Yeasl clones were identified as above, and all were found to be MDM2- 
dependent. The bottom three clones were generated by genetic engineering. 

Figure 7 shows protein expression from the yeast strains described in Figure 6. 
Western blot analysis was performed as described (Oliner, J.D.,etaL, Nature 358:80-83 
(1992)), using 20 fig of protein per fane. The MDM2 and pS3 codons contained in the 
fusion vectors are shown at the top of A and B, respectively. Eg. 7A. TJpperpanel 
probed with p53 Ab2 detecting p53; lower panel probed with anti-lexA polyclonal 
antibodies (lex Ab) detecting MDM2 fusion proteins of 30-50 kD. Fig. 7B. TJpperpanel 
probed with Lex Ab detecting the IexA-foll length MDM2 fusion protein of 112 kD; 
lower panel probed with HA Ab (a monoclonal antibody directed against the 
hemagghirintn epitope tag, Berkeley Antibody) detecting p53 fusion proteins of 
app ro x im ately 25-30 kD. 
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Figure 8 shows the inhibition of the p53 activation domain by MDM2. Yeast 
were transfected with expression vectors encoding a lexA-p53 (p53 codons 1-73) fusion 
(bars a and b) or lexA alone (bare). Strain b also expressed full length MDM2, and all 
strains contained the lexA-rcsponsive /3-galactosidase reporter plasrnid. Inset- Upper 
panel probed with MDM2 polyclonal antibodies detecting full length MDM2 (90 kD); 
lower panel probed with lex Ab detecting the lex-p53 fusion protein of 40 kD. 

Figure 9 shows a Western blot analysis using monoclonal antibodies to MDM2 
orp53. Frfty y.% of total cellular proteins from OsA-CL or SW480 cells were used for 
Western blot analysis. The position of molecular weight markers, in kd, is given on the 
right. 

Figure 10 demonstrates immunocytochemical analysis of OsA-CL and SW480 
cells grown in vitro. Monoclonal antibody IF-2, specific for MDM2, and mAb 1801, 
specific for p53, were used. The exclusively nuclear localization of both proteins is 
evident, as is the higher expression of MDM2 protein in OsA-CL cells than in SW480 
cells, the reverse of the pattern observed for p53. 

Figure 11 demonstrates MDM2 expression in primary soft tissue sarcomas. 
Cryostat sections of human sarcomas were incubated with the IF-2 antibody specific for 
MDM2. Tumors #3 and #10 showed nuclear expression of MDM2, while tumor #2 
showed no staining. 

DETAILED DESCRIPTION QF THE INVENTION 

It is a discovery of the present invention that a gene exists which is amplified in 
some human tumors. The arnplification of this gene, designated MDM2, is diagnostic 
of neoplasia or the potential therefor. Detecting the elevated expression of human 
MDM2-encoded products is also diagnostic of neoplasia or the potential for neoplastic 
narBtbrmation. Over a third of the sarcomas surveyed, including the most cxnnmOT bone 
and soft tissue forms, were found to have amplified hMDM2 sequences. Expression of 
hMDM2 was found to be correspondingly elevated in tumors with the gene amplification. 
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Other genetic alterations leading to elevated hMDM2 expression may be involved 
in tumorigeuesis also, such as mutations in regulatory regions of the gene. Elevated 
expression of hMDM2 may also be involved in tumors other than sarcomas including but 
not limited to those in which p53 reactivation has been implicated. These include 
colorectal carcinoma, lung cancer and chronic myelogenous leukoma. 

According to one embodiment of the invention, a method of diagnosing a 
neoplastic tissue ma human is provided. Tissue or body fluid is isolated from a human, 
and the copy number of human MDM2 genes is determined. Alternatively, expression 
levels of human MDM2 gene products can be determined. These include protein and 
mRNA. 

Body fluids which may be tested include urine, serum, blood, feces, saliva, and 
the like. Tissues suspected of being neoplastic are desirably separated from normal 
appearing tissue for analysis. TKscanbedoneby paraffm OT ay^ 
cytometry, as is known in the art Failure to separate neoplastic from non-neoplastic 
cells can amfound the analysis. Adjacem non-neoplastic tissue or any nor^ 
be used to determine a base-line level of expression or copy number, against which the 
amount of bMDM2 gene or gene products can be compared. 

The human MDM2 gene is considered to be anmlifled if the cell contains more 
than the nornud copy number (2) of th^ The varies techmques for 

detecting gene amplification are well known in the arc. Gene anmlification can be 
detennmed, for example, by Southern blot analysis, as described in Example 4, wherein 
cellular DNA. from a human tissue fedujested, separated,^ 

it is hybridized with a probe containing complementary nucleic acids. Alternatively, 
quantitativepolyme^ 

gene anmlification. Appropriate primers win bind to sequences that bracket human 
MDM2codmg sequences. Other techniques for detemn^ gene ccpy immher as are 
known in the art can be used without limitation. 
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The gene product which is measured may be either tnlWA or protein. The tenn 
elevated expression means an increase in mRNA production or protein production over 
that which is normally produced by ixm-cancerous cells. AMu^aiiipBfication has been 
observed m lunnan saioonus, other gene^ 

MDM2 amy be present mtiie^^ ^ rf ^ 

breast, brain, colorectal, bladder, prostate, liver, skin, and stomach. These, too, are 
contemplated by the presemi Noncancerous cells for use m detenniniiig base- 

line expression levels can be obtain^ 

or from human cell lines. Any increase can have diagnostic value, bm generally the 
mRNA or protein expression will be elevated at least about 3-fold, 5-fold, and in some 
cases up to about 100-fold over that found in non-canccrous cells. The particular 
technique employed for detecting. inl^A 

Invention. Increased production of mRNA or protein may be detected, for example, 
using the techmques of Northern blot analysis or Western blot analysis, respectively, as 
described in Example 4 or other known techniques such as ELISA, i^unoprec^iiation, 
RIA and the like. These techniques are also well taiown to the sldlled artisan. 

According to another embodimem 
forthedetenninmgofh^ 

areprovided. The probe inayconn^ribo- or deox 

the entire human MDM2 coding sequence, a sequence conmlementary thereto, or 
fragments thereof. A probe may contain, for example, nucleotides 1-949, or 1-2372 as 
shown in Figure 1. Generally, probes or primers will contain at least about 14 
contiguous nucleotides of the hu^ 

100 nucleotides. Probes are typically labelled with a fluorescent tag, a radioisotope, or 
the like to render them easily detectable. Preferably the probes wffl hybridize under 
stringent hybridization conditions. Under such conditions they will not hybridize to 
mouse MDM2. The probes of the mvention are complententary to the hmium 1^ 
gene. This means that they share 100% utaitity wim the human sequent 
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hMDM2 proton can be produced, according to the invention, substantially tree 
of other human proteins. Provided with the DNA sequence, those of skffl in the art can 
express the cDNA in a non-human cefl. Lysates of such cells provide proteins 
substantially tree of other human proteins. The lysates can be further purified, for 
example, by immunoprecipitation, co-precipitation with p53, or by affinity 
chromatography. 

The antibodies of the invention are specifically reactive with hMDM2 protein. 
Preferably, they do not cross-react with MDM2 from other species. They can be 
polyclonal or monoclonal, and can be raised against iiativehMDM2 or a 
protein or synthetic peptide. The antibodies are specifically immunoreactive with 
hMDM2 epitopes which are not present on cto human proteins. Some antibodies are 
reactive with epitopes unique to human MDM2 and not present on the mouse homolog. 
The antibodies are useMmcarvention^ 

inmiuiwhistochemistry, and other immunological assays for the detection of proteins. 
Techniques for raising and p^ 

are techniques for preparing n^ Armlxxiyrnnding^bedetenmned 
by methods known in the art, such as use of an enzyme-labefled secondary antibody, 
staphylococcal protein A, and the like. Certain inonoclooal antibodies of tie invention 
have been deposited at the American Type Culture Collection, 12301 ParHawn Drive, 
Rodcvffle.MD 20852. These include IF2, and BD9, which have been granted accession 
nos. HB 11290, and HB 11291, respectively. 

According to another embodiment of the invention, faitetference with the 
expression of MDM2 provides a therapeutic modality. The method can be applied fa 
yjyfi, m vhjo, or ex yjyo.. For example, expression may be down-regulated by 
adminismring triple-strand forming or antisense oligonucleotides winch bind to the 
hMDM2 gene or mRNA, respectively, and prevent transcription or translation. The 
oligonucleotides may interact with unprocessed pre-mRN A or processed mRNA S mall 
molecules and peptides which specifically inhibit MDM2 expression can also be used. 
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Similariy, such molecules which inhibit the binding of MDM2 to p53 would be 
therapeutic by alleviating the sequestration of p53. 

Such inhibitory molecules can be identified by screening for imerference tf the 
hMDM2/p53 interaction where one of me binding partners is bound to a solid support 
and the other partner is labeled. Antibodies specific for epitopes on hMDM2 or p53 
which are involved in the binding interaction will interfere with such binding. Solid 
supports which may be used include any polymers which are known to bind proteins, 
^support may be m the form of a fr^^ beads, and the lite. 

Labeling of proteins can be acconrplished according to any technique known in the art. 
Radiolabels. enzymatic labels, and fluorescent labels can be used advantageously. 
Alternatively, both hMDM2 and p53 may be in solution and bound molecules separated 
from unbound subsequently. Any separation technique known in the art may be 
employed, incliiding immunoprecipitation or rminunoaffhirty separation with an antibody 
specific for the unlaoeled binding partner. 

It has been found that amino add resumes 13-41 of p53 (See SEQ ID NO: 1) are 
necessary for the interaction of MDM-2 and p53. However, additional residues on either 
theaininborcaiboxyteniu^ Ninetol3 
additional p53 residues are sufficient to achieve MDM2 binding, although less may be 
necessary. Since cells which overexpress MDM2 escape from p53-regulated growth 
control in sarcomas, the use of p53-derived peptufes to 
reestablishmem of p53-regulated growth control. 

Suitable p53-derived peptides for adnmnstration are those which are circular, 
linear, or derivitized to achieve better penetration of membranes, for example. Other 
organic compounds which are modelled to achieve the same t^ 
as the peptide of the invention can also be used. 

DNA encoding the MDM2^inding, p53-derrved peptide, or multiple copies 
thereof, rnay also be administer^ 

The DNA will typically be in an expression construct, such as a retrovirus, DNA vims, 
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or plasmid vector, which has the DNA elements necessary for expression property 
positioned to achieve expression of die MDM2-bindmg peptide The DNA can be 
administered, aZw encapsulated m lipoa 

to achieve efficient uptake by cells. Asin the direct administration of peptide, the goal 
is to alleviate the sequestration of p53 by MDM2. 

A cDNA molecule containing die coding sequence of hMDM2 can be used to 
produce probes and primers. In addition, it can be expressed in cultured cells, such as 
E. colt, to yield preparations of hMDM2 protein substantially fee of other human 
praeins. The proteins produced can be purified, for example, with immunoaffimty 
techniques using the antibodies described above. 

Kits are provided which contain the necessary reagents for determining gene copy 
number, such as probes or primers specific for the hMDM2 gene, as well as written 
instructions. The instructions can provide calibration curves to compare with the 
determined values. Kits are also inovided to determine elevated expression of mRNA 
(Le., containing probes) or bMDM2 protein (Le., containing antfliodies). Ihstrnctions 
will allow the tester to determine whether the expression levels are elevated. Reaction 
vessels and auxiliary reagents such as chromogens, buffers, enzymes, etc. may also be 
included in die kits. 

The human MDM2 gene has now been identified and cloned. Recombinant 
derived hMDM2 has been shown to bind to human p53. Moreover, it has been found 
that hMDM2 is amplified in some sarcomas. The amplification leads to a corresponding 
increase in MDM2 gene products. Such amplification is associated with the process of 
tumorigenesis. This discovery allows specific assays to be performed to assess the 
neoplastic or potential neoplastic status of a particular tissue. 

The following examples arc provided to exemplify various aspects of the im/ention 
and are not intended to limit the scope of the invention. 
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EXAMELES 
BmiBte 1 

To obtain human cDNA clones, a cDNA libiary was screened with a murine 
MDM2 (mMDM2) cDNA probe. A cDNA library was prepared by using polyadenylated 
RNA isolated from the human colonic carcinoma cell line CaCo-2 as a tem pl a te for^me 
production of random hexamer primed double stranded cDNA. Gubler and Hoffmann, 
1983, Gene 25:263-268. The cDNA was ligated to adaptors and then to the lambda YES 
phage vector, pac k aged, and plated as described by EDedge et aL (Proc. Natl Acad. Sd. 
USA, 88: 1731-1735, 1991). The libiary was screened initially with a P-labelled (Kmzler, 
K.W., et aL, NucL Adds Res. 77:3645-3653 (1989), Femberg and Vogelstein, 1983, 
AnaL Biodum. 132:6-13) mMDM2 cDNA probe (nucleotides 259 to 1508 (Fakharzadeh 
etal., 1991,EMB0J. 70:1565-1569)) and men rescreened with an hMDM2 cDNA clone 
containing nucleotides 40 to 702. 

Twelve clones were obtained, and one of the clones was used to obtain thirteen 
additional clones by re-screening the same libiary. In total, twenty-five clones were 
obtained, partially or totally sequenced, and mapped. Sequence analysis of the twenty- 
five clones revealed several cDNA forms indicative of alternative splicing. The sequence 
shown in Figure 1 is representative of the most abundant class and was assembled from 
three clones: cl4-2 (nucleotides 1-949), c89 (nucleotides 467-1737), and c33 (nucleotides 
390-2372). The 3' end of the untranslated region has not yet been cloned in mouse or 
human. The 5' end is likely to be at or near nucleotide 1. There was an open reading 
frame extending from the 5' end of the human cDNA sequence to nucleotide 1784. 
Although the signal for translation initiation could not be unambiguously defined, the 
ATG at nucleotide 312 was considered the inostlikdyposMon for several reasons. First, 
the sequence similarity between hMDM2 and mMDM2 fell off dramatically upstream of 
nucleotide 312. This lack of conservation in an otherwise highly conserved protein 
suggested that the sequences upstream of the divergence may not code for protein. 
Second, an anchored polymerase chain reaction (PCR) approach was employed in an 
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effbit to acquire additicmal upstmun cDNA « !q uace. Ocfanaa et aL, 1985, In: PGR 
Te ^gr-PrincvIesandApplia^ 1Qsm 

(Stockton. New York). Tbc5> ends of the PGR derived doneswere very similar (within 
3bp)tothe5'eodscrfcIoiiesob^ 

of the hMDM2 sequence shown in Figure 1 may represent the 5' end of the transcript 
Third, tfm, translation of the sequence shown in Figure 1, beginning with the 
methionii*encc<W^ 
that observed in human cells. 



m Figure 1 , hMDM2 cDNA sequence. hMDM2 and mMDM2 nucleotide and 
anuno acid sequences are co,nparecL The mouse sequence is onlyshown where ttdfflfcrs 

Previously published mMDM2 cDNA. Fakharzadeh et aL, 1991, EMBO /. iftI565- 
1569. Dashes indicate mserions. The mouse and human amino add sequences are 
ccniparedfremtneputative transit 
stop codon at nucleotide 1784. 

Conn^arison of the hmnan and mouse M^^ 
conservation at the nucleotide (80.3*) and amino acid (80.4%) levels. Although 
hMDM2 and mMDM2 bore little sinrilaiity to other genes recorded in current databases 
metwo,»t^sharedseveralnn 3 d& These included a b^ nuclear 
CTanaka, 1990, FEES Later, 277:41-46) at codons 181 to 185, several casein kinase n 
serme rtosphorylation rites (Pima, 1990, BiocHem. et. Biophy,. Acta. 2054:267-284) at 
codons 166 to 169, 192 to 195,269 to 272. and290 to 293, an addie^u^ domain 
(Plashue. 1988, Atone i55:68*689) at codons 223 to 274, and two metal binding 
(Harrison, 1991, Nature 155:715) ^ cc^ 305 to 322 and 461 to 478, neither of wh^ 
is highly related to known DNA binding domains. The protein kinase A doznain noted 
mmMDM2 (Fakharzadeh etaL, 1991, EMBO J. 10:1565-1569) was not conserved in 
hMDM2. 
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ExamBte 

To detennine whether the hMDM2 protein could bind to human p53 protein in 
vitro, an bMDM2 expression vector was constructed from the cDNA closes. The 
hMDM2 expression vector was constructed in pBhiescript SK+ (Stratagene) from 
overiappingcDNAclones. The construct amtained the sequence shc^ in Kgure 1 fiom 
nucleotide 312 to 2176. A 42 bp black bettle vims nbosome entry sequence 
(DaSmahapatta * ^87» Nucleic Add Research 75:3933) was placed immediately 
upstream of tlrisliMDM2 sequence inoider to a high level of expression. This 
construct, as weU as P 53 (B-Deriy et al., 1992, Nature Genetic,, in press) and MCC 
(Khrzler et al., 1991, Science 252:1366-1370) constructs in pBiuescript SK+, were 
transcribed with T7 SNA polymerase and translated in a rabbit reticulocyte lysate 
(Promega) according to the manufacturer's instructions. 

Although the predicted size of the I»oteto generated from tte 
55.2 kd (extending from the methionine at nucleotide 312 to riucleotide 1784), in vitro 
translated protein migrated at arjproximateJy 95 kilodaltons. 

Ten^of lysate containing the threes 
mrxed mparts, were incubated at 37«C for 15 minntes. One rrucrogram (10 /d) of p53 
Abl (mtmoclonal antibody specific for the C-termmus of p53) or Ab2 (rnonoclonal 
arurbcdyspedfefbruieN-ten^ 

cornaining MDM2 Ab (polyclonal rabbit anti-hMDM2 aritibodies) or preirnmune rabbit 
serum (obtained from the rabbit which produced the hMDM2 Ab), were added as 
indicated. The polyclonal rabbit antibodies were raised against an K coU^pwduccd 
bMDM2-glutathioneS^ranstera» 

hMDM2 cDNA. Ninety ul of RIPA buffer (lOmMtrisfeH 7.5], 1% sodium 
deoxycholate, l%NP40,150mM Nad, 0.156 SDS), SNNTE buffer, or Binding Buffer 
(H-Deriy et al., 1992, Nature Genetics, in press) were then added and the mixtures 
allowed to incubate at 4°C for 2 hours. 
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Two m i lli gram s of protein A sepbarose were added to each tube, and the tubes 
were rotated end-over-end at 4°C for 1 hour. After pelleting and washing, the 
unmunoprecipitates were subjected to SDSi>olyacrylamidc gel electrophoresis and the 
dried gels autoradiogiaphed for 10 to 60 minutes in the presence of Enhance (New 
England Nuclear). 

Figure 2 shows the co-precipitation of hMDMZ and p53. The One buffers 
produced similar results, although 

containing 0.5 M Nad (Figure 2, lanes 5 and 8) than in Binding Buffer containing 0.1 
M NaCI (Figure 2 lanes 6 and 9). 

In vitro t ransl ated hM DM2, pS3 and MCC proteins were mixed as indicated above 
and incubated with p53 Abl, p53 Ab2, bMDM2 Ab, orpreimmune serum. Lanes 1, 4, 
7, 10 and 14 contaiu aliquots of the protein mixtures used fig iinnn uxyre ci pita tio n The 
bands running slightly raster manpS3 are polypeptides produced teimernal translation 
tniti&tion sites. 

The hMDM2 protein was not hnmunoprecipiiated with monoclonal antibodies to 
either the C-tenninal or N-terminal regions of p53 (Figure 2, lanes 2 and 3). However, 
when in vitro translated human p53 was mixed with the hMDm translaticmpitxlnct, the 
anti-p53 antibodies precipitated hMDM2 protein along with p53, demonstrating an 
association in vitro (Figure 2, lanes 5 and 6). As a control, a protein of similar 
dectrophoretic mobility from another gene (MCC (Kinder et aL, 1991, Science. 
252:1366-1370)) was mixed with p53. No co-precipitation of the MCC protein was 
observed (Figure 2, lanes 8 and 9). When an in vitro translated mutant form of p53 
(175**) was mixed with hMDM2 protein, a similar co-precipitation of hMDM2 and p53 
proteins was also observed. 

In the convtr^e of the experiments described above, the anti-hMDM2 antibodies 
irnnrunoprecipildledp53 when mixed with hMDM2 protein (Figure 2, lane 15) but failed 
to precipitate p53aloiie (Figure 5, Preinnnunerabbh serum railed to 

either hMDM2 orp53 (Figure 2, fane 16). 



\ 
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Emaaie 3 

In order to ascertain the chromosomal localization of hMDM2, somatic cell 
hybrids were screened with an hMDM2 cDNA probe. A human-hamster hybrid 
containing only human chromosome 12 was found to hybridize to the probe. Screening 
of hybrids containing portions of chromosome 12 (Turc-Carel et aL , 1986, Cancer Genet. 
Cytogenet. 2J:291-299) with the same probe narrowed the localization to chromosome 
12ql2-14. 

Baaete 4 

Previous studies have shown that this region of chromosome 12 is often aberrant 
in human sarcomas. Mandahl et aL, 1987, Genes Chromosomes & Cancer 1:9-14; Turc- 
Carel et aL, 1986, Cancer Genet. Cytogenet. 2*291-299; Meltzer et aL, 1991, Cell 
Growth A mfferenaadon 2:495-501. To evaluate the possibility that hMDM2 was 
genetically altered in such cancers, Southern blot analysts was performed. 

Figure 3 shows examples of die amplification of the hMDM2 gene in sarcomas 
Cellular DNA (5 ng) was digested with EcoW, separated by agarose gel electrophoresis, 
and transferred to nylon as described by Reed and Mann (NucL Adds Res., 1985, 
iJ:7207-7215). The cellular DNA was derived from five primary sarcomas (lanes 1-4, 
6) and one sarcoma cell fine (OsA-Cl, lane 5). The filters were then hybridized with an 
hMDM2 cDNA fragment probe nucleotide 1-949 (see Figure 1), or to a control probe 
which identifies fragments of similar size (DCC gene, 1.65 cDNA fragment). Fearon, 
1989, Science 247:49-56. Hybridization was performed as described by Vogelstein et 
aL (Cancer Research, 1987, 47:4806^4813). A striking amplification of hMDM2 
sequences was observed in several of these tumors. (See Figure 3, lanes 2, 3 and 5). 
Of 47 sarcomas analyzed, 17 exhibited hMDM2 amplification ranging from 5 to 50 fold. 
These tumors included 7 to 13 liposarcomas, 7 of 22 malignant fibrous histiocytomas 
(MFH), 3 of 11 osteosarcomas, and 0 and 1 rhabdomyosarcomas. Five benign soft tissue 
tumors (lipomas) and twenty-seven carcinomas (colorectal or gastric) woe also tested by 
Southern blot analysis and no amplification was observed. 
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This example illustrates that gene amplification is associated with increased 
expression. 

Figure 4A illustrates &MDM2 expression as demonstrated by Northern blot 
analysis. Because ofRNAd^radation in the primary sarcomas, oidy the cell lmes could 
be productively analyzed by Northern blot RNA was separated by electrophoresis in a 
MOPS^rmaldehydegdand electro Transferand 
hybridization were l«rtbnned as described by Enzte (Afattnr 552:371-374, 1988) 
The RNA was hybridized to the hMDM2 fragment described in Figure 3. Tenugof 
tmall^ derived, respectively, 
lane 2) and the colorectal cancer ceU Ii^ 

3). Une 4 contains 1 0 M g of polyadenylated CaCo-2 RNA. RNA sizes are shown in kb. 
u the one available sanxmia cefl line w^ 

approximately 5.5 kb was c<«^ ( t^ Tte amoimt of this transcript 

was much higher than ma sarcoma cefllu^ 

orinacardncnnaceUline(Fi^ When purified mRNA (rather than total 

RNA) from the carcinon^cenm^ 
kb could also be observed (Figure 4A, lane 4). 
Figure 4B illustrates faM^^ 

of the sarcoma cell lines RC13 (lane 1). OsA-CL (lane 3). HQS (lane 4), and the 
carcinoma cell line CaCo-2 (lane 2). 

Figure 4CiliustiateshMDM2ex^ 
of primary sarcomas, lanes 1 to 3 contain protein from saicomas wim bMDM2 
anmliftotions, and lanes 4 and 5 contain protein from sarcomas without hMDM2 
amplification. 

Western blots using affinity purified MDM2 Ab were pertnmed with 50 ng 
ptotein per lane as described by Enrier et aL (MoL CdL BioL, 1990, 70:634-642), 
except that the membranes were blo^ 
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and secondary antibodies were coupled to horseradish peroxidase, permitting 
cl^uuuiinescent detection (Amersham ECL). MDM2 Ab was affinity purified with a 
pATH-hMDM2 fusion protein using methods described in Kinder «aL(MoL01L Biol 
/ft634^42, 1990). Non-specifically reactive !^tfte W *.ia H 20.dno. 
200 kd woe observed in all lanes, in*spectiv e 0 f hMDM2 amplification status. hMDM2 
proteins, of about 90-97 kd, were observed only in the luMDM2-amplilled tumon. 
mum masker sizes are shown in kd. 

A protein of approximately 97 kOodaltons was expressed at high levels in the 

(Figure 4B,lan«.. 2 amM). Hveprinuuysttro™ were also examined byWesrem 
hta-Iysis. ^P^m^^ mm ^ as ^^ ami6a 

"bsen^tothetwossnxnmwithoma^Hflcat^ 

^^"f^^MZlWAredtes^whn-npniic^w^esnre^ 
m,h«m«m«.m..te ^^^^ 
with the results of Western blot analysis. 

He above eanples demonstme that hMDM2 binds to pH re vim, and is 
g»=*anyahered( i .e..aa^ ta . !ig ei ft ^ 

Itposatcotnas, and osttosarcoreas. Tl«me .homos, connnon mreonms of snftttam 
mtdbooe. Wdss and Enziager. ,978, Qmca- <«:2250-2266; Malawer « aL. 1985 Ire 
Qrerer: ftt^pfc. and PraaUx of Oncology. DeVha et aL, Eds., pp. 1293-1342 
(Iippincott, Phfladdphia). 

Heman^anvlificatoUureM^eedaa^ 
often lethal cancers. 

MDM2 may functionally inactivate p53 in ways shnilar to those employed by 
"mil, encoded oncoproteins such as SV40 T-antigcn. adaovi™ BB, tmd HPV E6 
Uasaodfccuim Umftre^fc^,,^,^ ^ 
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248:76. Consistent with this hypothesis, no sarcomas with hMDM2 amplification had 
any of the p53 gene mutations that occur commonly in other tumors. hMDM2 
anrolificatkm provides a pa^ 

genetic alterations underlying sporadic human cancer. The finding that expression of 
hMDM2 is correspondingly elevated in tumors with amplification of the gene aie 
consistent with the finding that MDM2 binds to p53, and with the hypothesis tint 
overcxpiessionofMDM2msaiannas allows esca^ 

This mechanism of tiimorigenesis has striking parallels to that previously observed for 
virally induced tumors (Lane and Becfaimol, 1990, Genes and Development 4:1-8; 
Wemess et aL, 1990, Science 248:76), in which viral oncogene products bind to and 
functionally inactivate p53. 
6 



This example demonstrates that MDM2 expression inhibits p53-mediated 
transactivadon. 



To determine if MDM2 could influence the ability of p53 to activate t 
expression vectors coding for the two proteins were stably transfected into yeast along 
with a p53-responsive reporter construct. The reporter consisted nf » p^^i^ 
gene tmder the traiiscrhpti^ 

DNA. sequence winch strongly bound p53 in vitro (Kan, SJL, et aL, Science 256:827- 
830 0992). Reporter expression was completely dependem on p53m this assay (Rgure 
5. compare bats a and c). MDM2 expression was found to inhibit remediated 
tninsactivation of this reporter 16-fold relative to isogenic yeast lacking MDM2 
expression (Figure 5, compare bars a and b). Western blot analysis confirmed that p53 
(53 kD) was expressed cquivalently in strains with and without MDM2 (90 kD) (Figure 
1, inset). 

MEraODS. The MDM2 expression plasntid, pPGK-MDM2 was 
constructed by mserting the fuU length MDM2 cDNA (Oliner JX> etaL 
Hature 15&8043 (1992)) into pPGK (Poon, D. a aL, MoL and Ce£ 
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Biol. 11 11:4809-4821 (1991)), immediately downstream of the 
phosphoglycerale kinase constitutive promoter. Galactose-inducible pS3 
(pRS314SN, Nigro, J.M., et al., MoL and COL Biol 72:1357-1365 
(1992)), lexA-VP16 (YVLcxA, Dalton, S., et aL, Cell 6*597-612 
(1992)), and lexA (YLexA, YVLexA minus VP16) plasmids were used as 
indicated. The reporters were PG16-tocZ (Kern, S.E. et al. Science 
256:827-830 (1992)) (p53-responsive) and pJK103 (Kamens, I., et aL, 
MoL CelL Biol 70:2840-2847 (1990)) (IcxA-responsive). £ cerevisiae 
strain pEGY48 was transformed as described (Krnzler, K.W. etaL, AfccZ. 
Acfcfc Res. 17:3645-3653 (1989)). Yeast strains represented by bars a-c 
were grown at 30°C to mid-log phase in selective liquid medinm 
containing 2% raffinose as the carbon source, induced for 30 minutes by 
the addition of 2% galactose, harvested, and tysed as described (Kern, 
S.E. etaL, Science 256:827-830 (1992)). The stoma represented by bars 
d-f were treated similarly, except that the cells were induced m galactose 
for 4 hours to obtain measurable levels of ff-galactoskfasc. 0-galactosidase 
activities shown represent the mean of three to five experimental values 
(error bars indicate s.e.m.). Protein concentrations were determined by 
a Coomassie blue-based (bio-Sad) assay. The 0-galactosidase assays were 
performed with AMPGD chemiluminescent substrate and Emerald 
enhanc e r (Tropix) according to the manufacturer's instructions, fi- 
galacto sid asc activities of bars band care shown relative to that of bar A; 
/3-galactosidase activities of bars e and f are shown relative to that of bar 
d, Western blots were performed as described (Oliner, J.D., et aL, 
Nature 158:80-83 (1992)), using p53 Abl801 (lower panel, Oncogene 
Science) or MDM2 polyclonal antibodies (Oliner, J.D., et aL, Nature 
355:80-83 (1992)) (upper panel). 

To ensure that tins inhibition was not simply a general ttanscriptkmal down 
regulation mediated by the expression of the foreign MDM2 gene, a yeast strain was 
created that contained a different transcriptional activator (lexA-VP16, consisting of the 
lexA DNA binding domain fused to the VP16 acidic activation domain), a similar 
reporter (with a lexA-responsive site upstream of a 3-galactosidase gene), and the same 
MDM2 expression vector. The results shown in Figure 1 (bars d & e) demonstrate that 
lexA-VP16 transactivation was unaffected by the p ^^ n v y of MDM2. Furthermore, 
MDM2 expression had no apparent effect on the growth rate of the ceOs. 



WD 93/20238 



PC17US93/03199 



-22- 



TWs example demonstrates the domains of p53 and MDM2 wlito 
each other. 

To gain insight into the mechanism of the MDM2-mediated p53 inhibition, the 
don H ii B ofMDM2andp53ie S ponsmleforbin^ ^ 
yeast system tised to detect piotei^^ 

of transcription actor domains <Keegan,L.. etaL, Science 252:699-704 0986); CMen, 
C.-T., Proc NatL Acad. Sci. U,SjL S&9578-9582 (1991); Brent, R., et aL, Cell 
45:729-731 (1985); Ma, J., et aL, Cell 55:4430446 (1988). Genetically, if piouan 1 
(fused to a semience-specific DNA binding domain) is capable of binding to protein 2 
(fusedtoatiaasciipt^ 

wfl n^ m transcription In our «perhnents, the 

IexA DNA binding domain (amino acids 2-202) and the B42 acidic activation domain 
(AAD) were used in the fusion constructs. The reporter (Kamens, J., et aL, Idol CeJL 
BioL 10:2840-2847 (1990); contained a lexA-responsive site upstream of a 0- 
galattosMasegene. As an initial omtrolexperm^ 
the lexA&sion vector, and fuU 
msettedi^ a non-t^ vector. The combination ies^ 
resp()nsive reporter, while the san^ 

p53 c^NAhrsexts tailed to activate 2, and 3). Thus, 

activation was dependent upon MDM2-p53 binding 

Tta assay was tium applied to n^ 
Full length cDNA fragments encoding MDM2 or p53 were randomly sheared by 
sonicadon. anrplitred by polymerase chain reaction, size fractionated, cloned into the 
appropriate furionve^ 
length version of the other protein. 
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METHODS. Full length MDM2 cDNA in pBluescript SK+(Stratagene) 
was digested with Xhol and Bamffl to excise the entire insert. After 
agarose gel purification, the insert was sheared into random fragments by 
sonication, polished with the Klenow fragment of DNA polymerase I, 
ligated to catch linkers, and amplified by the polymerase chain reaction as 
described (Kinder, et aL, NucL Adds Res. 17:3645-3653 (1989)). 
The fragments were fractionated on an acrylamide gel into size ranges of 
10(W00 bp or 400-1000 pb, cloned into lexA(l-202)+PL (Rnden, DM., 
et aL, Nature 3150:250-252 (1991)), and transacted into bacteria (XH 
Blue, Stratagene). At least 10,000 bacterial colonies were screed off 
agar plates, and the plasmid DNA was transacted into a strain of pEGY48 
containing pRS314N (p53 expression vector) and pJK103 (lexA-responsive 
g- g a la cto sid ase reporter). Approximately 5,000 yeast clones were plated 
on selective medium containing 2 % dextrose, and woe replica-plated onto 
glalctose- and X-gal-containing selective medium. Bine colonies (17) 
appeared only on the plates containing the larger fragments of MDM2. 
The 17 isolated colonies were tested far blue color in this assay both in the 
presence and in the absence of galactose (p53 induction); all tested positive 
in die presence of galactose but only 2 of the 17 tested positive in its 
absence. MDM2-containing plasmid DNA extracted from die 17 yeast 
clones was selectively transferred to bacterial strain KC8 and sequenced 
from the lexA-MDM2 junction. The MDM2 sequences of the two p53- 
i ndepe adent clones are diagrammed in Fig. 6A. The MDM2 sequences 
qf the remaining 15 p53-dependent dones coded for peptktesnm^ngftcmi 
135 to 265 a*, in length and began exclusively at tbe initiator methionme 
Three of the MDM2 sequences obtained are shown at the top of Kg. 6B. 
The lower 6 sequences were genetically engineered (using the polymerase 
chain reaction and appropriate primers) into lexA(l-202)+PL and 
subsequently tested to further narrow the binding region. 

Fragments of p53 were also cloned into pJG4-5, producing a fusion 
protein C-terminal to the B42 acidic activation domain and incorporating 
an epitope of hemagglutinin. The clones were transfected into a strain of 
pBGY48 already containing lex-MDM2 (plex-202+FL containing foil 
length MDM2) and pJK103. The top three p53 sequences shown in Fig. 
6C. were derived from yeast obtained by colony screening, whereas the 
lower three woe genetically engineered to contain the indicated fragments. 



s 



The resultant yeast colonies woe examined for frgalactosidase activity in situ. 
Of approximately 5000 clones containing MDM2 fragments fused to the lexA DNA 
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binding domain, 17 were found to score positively in mis assay. The clones could be 
placed into two classes. The first class (two clones) expressed low levels of 0- 
galactosidase (about 5-fold less than the other fifteen clones) and 0-galactosidase 
expression was independent of p53 expression (Figure 6A). These two clones encoded 
MDM2 am i no ac id s 190-340 and 269-379, respectively. The region shared between these 
two clones overlapped the only acidic domain in MDM2 (amino acids 230-301). This 
domain consisted of 37.5% aspardc and glutamic acid residues but no basic anrino acids. 
This acidic domain appears to activate transcription only when isolated from the rest of 
the MDM2 sequence, because the entire MDM2p^ 

fl-gafactrwidase activity in the same assay (Table I, strain 3). The other class (15 clones) 
each contained the ?mino terminal region of MDM2 (Figure 6B). The /3-galactosidase 
activityof these clones was d^penxlent on p53 co-expression. To narrow down the region 
of interaction, we generated six adciitional clones by genetic engineering. The smallest 
tested region of MDM2 which could functionally imeratt wim fuE kmgth p53 contained 
MDM2 codons 1 to 118 (Figure 6B). The relatively large size of the domam required 
for interaction was consistent with the fact that when small sonicated fragments of MDM2 
were used in the screening assay (200 bp mstead of 600 bp average srre), no posalvely 
scoring clones were obtained. 

In a converse set of e x pe ri ments, veaa cJan« o^mmg fragment « i?f pff> fofmd 
to the B42 AAD were screened for lexA-responsive reporter expression in the presence 
of a lexA-MDMZ fusion rmxeiii. Sequencing of the 14 clones obtained in the screen 
revealed that they could be divided into three subsets, one containing amino acids 1-41, 
a second containing amino acids 13-57, and a third cxHflaimng amino acids 1-50 (Figure 
2C). The minimal overlap between these three fiagmwi^ contained codons 13-41. 
Although this minimal domain was apparently necessary for interaction with MDM2, it 
was insufficient, as the fragments required 9-12 amino acids on either side of codons 13- 
41 for activity (Figure 6Q. To further test the idea that the amino terminal region of 
p53 was required forMDM2 binding, we generated an additional yeast strain expressing 
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the lexA-DNA binding domain fused to p53 codons 74-393) and the B42 acidic activation 
domain fused to full length MDM2. The* strains failed to activate the same Ir- 
responsive reporter (Table I, strain 8). as expected if the NHermiims of p53 were 
required for the interaction. 




^^TJ? 3 i^&.^ ! ?^£^£^. along with the relevant 
aaino acids encoded (abeeace^^^^ff^^ 68 to the wan orp53 

W»M ~=t« , M9I o. « ^ Mol. ««, „«. M!U57 . USS 

vector, containina B42 »*w4....j 

g 842 act ivation domain fused to insert 
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Sequence analysis showed that all p53 and MDM2 fragments noted in Figure 6 
were ligated in ffcmie and m the conea ori^^ 

respectively. Additionally, all clones compared in Figure 6 expressed the relevant 
proteins at similar levels, as shown by Western blotting (Figure 7). 

ITiemc^ striking results of these mapping 
requinritobindMDM2wasahra 

domain of p53 (amino adds 2(M2) (Unger, T., et aL, EUBO J. Ji:1383-1390 (1992); 
Miller, C.W., etaL, Pnc Am. Assoc Cancer Res. 33:386 (1992). This suggested that 
MDM2 inhibits p53-mediated transcriptional activation by "concealing" the activation 
domain of p53 from the transcriptional machinery. If this were true, the p53 activation 
domam,misolatmn from the rest of the p53p^ 
lengthMDMT To test this hyp«hesis, we produced a hyb^ 
activation domain (codons 1-73) rosed to thek^-DNAbialmgdoinai^ This construct 
exhibited strong transcriptional actrvation of a lexA-nsrxmsr^ reporter (Figure 8), as 
predicted from previous experiments in which the p53 artrvation domain was fused to 
another DNA binding domain (Fields, S., et aL, Science 24*1046-1049 (1990); 
Raycroft, L-.etaL, .Science 2^:1049-1051 0990)). The lexA-p53 DNA constmct was" 
sumly expressed in yeast along wim the 

vectoraJone). MDM2 expression resulted in a five-fold decrease in reporter activity, 
demoiistrating that MDM2 can spedficany inhibit the function of the pS3 activation 
domam regardless of the adjacemrm>tem 

METHODS. Strains were grown to mid-log phase in 2% dextrose before 

^S^^^S BSSk ^, for ? ^^the addition of2% galactose. 
The lex-p53 construct was identical to Iex-VP16 (YVTexA, Dahon, S et 
aU Cell 6*597-612 (1992)) except that VPI6 seo^enceswere^^^ 
p53 sequences encoding amino acids 1 to 73. 

The results obtained m t^ 
ixuadox. If MDM2 binds to (Figure 6) and conceals (Figure 8) the p53 activation 
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domain from the transcriptional machinery, how could the lexA-MDM2-p53 complex 
activate transcription from the lexA-responsrve reporter (Table I, strain 2)? Because the 
only functional activation domain in the lexA-MDM2-p53 complex of strain 2 is expected 
to be contributed by p53 , one might predict that it would be concealed by binding to 
MDM2 and thereby tail to activate. A potential resolution of this paradox is afforded by 
knowledge that p53 exists as a homotetramer (Stenger, J.E. , et aL . MoL Carcinogenesis 
5:102-106 (1992); Sturabecher, H.W. etaL, Oncogene 7:1513-1523 (1992). Tims the 
activation noted in the lexA-MDM2i*3 coiimlex could be due to tte presence 
individual activation domains contributed by the p53 tetramer, not all of which were 
concealed by MDM2. As a dim* test of this issue, the donrara of p53 required for 
pauperization (Stenger ' ,JL ' « "°L Carcinogenesis 5:102-106 (1992); 
Sturzbecher, ILW.ctaL, Oncogene 7:1513-1523 (1992) (the C-terriiinus) was removed 
from the p53 expression obstruct, so that it consisted of only codons 1-137. This 
tnmcatedp53 polypeptide re^ 

bar a) and the entire domain nxmired for interaction wim MDM2 ^ 
Yet. when allowed to interact with lexA-MDM2, no rransactivation of the lexA- 
responsrve reporter was oteerved (Table I, strain 9). Because p53 did not inhibit lexA- 
MDM2 binding to the lexA reporter ^ 

be due to a direct inhibition of the isolated p53 activate doniarn by MDhC. 
Example fi 

This example illustrates the production ard char^ 
for MDM2 epitopes. 

The antigen preparations used to intraperitoneally immunize female 
(BALB/c X C57BL;.S)F1 mice comprised bacterial* expressed, glutamior^lumn 
purified glatatMone-S^ransferase-MDM2 (GST-MDM2) fusion protein, (Onepreparation 
was further purified on a p<)lyacrylamide gel and elecsroelnted,) The fusion protein 
contains a 16 kD amino terminm portion of hurrm MDM2 pro^ 
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168). Fbr immunization, the fusion protein was mixed with Ribi adjuvant (Ribi 
Immunochem Research, Inc.). 

Two mice were sacrificed and their spleen cells fused to SP2/0s myeloma cells 
(McZenzie, et aL, Oncogene. *543-548. 1989). Resulting hybridomas were screened 
by EZJSA on txp£-MDM2 fusion protein-coated microliter weUs. The tipE-MDM2 
fusion protein contains the same portion of MDM2 as the GST-MDM2 fusion protein. 
Antigen was coated at a concentration of 1 pg/mL 

A second fusion was performed as descrilied except hybridomas w^ 
electrocuted, glutathione purified GST-MDM2. Positive hybridomas from bom fusions 
were expanded and single cell subclone^ Subclones were tested by Western Blot for 
spedficity to the 55 kD trpBMDM2 and the 43 kD GST-MDM2 fusion proteins. 

Two Western Blot positive subdc^(lE2 and JG3) were pmhto 
generation. The resulting ascites were protein A purified. Both purified monoclonal 
antibodies tested positive by Western Blot and imnruncpnxipitation for the 90 kD 
migrating MDM2 protein present in a human osteosarcoma cell line (OsA-CL), which 
c*erexpresses MDM2, and negative in the HOS osteosarcoma, which does not 
overexpicss MDM2. 

ED9 was protein G-purified from ascites and found to be specific in cryostat 
i mm u iwhi stoc h e mistr y for MDM2 in osteosarcoma cells, as was IF2. 



This example demonstrates the exr>nKsion and aetection of MDM2 at the cellular 
level. 

To evaluate MDM2 expression at the cellular level, we produced monoclonal 
antibodies against bacterially generated fusion proteins containing residues 27 to 168 of 
MDM2. (See example 8.) Of several antibodies test^ 

ashaetectedMDM2mscv«al assays. FOrinitial testing, we compared potemscfaived 
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mutation 



from OsA-CL, a sarcoma cell line with MDM2 amplification but without p53 
(Table II) and proteins from SW480, a colorectal canc« «n Ime with p53 mntation 
(Bank et al., EMBO 12:461-46* (1993)) but without MDM2 amplification (data not 
shown). Figure 9 shows that me mAbIF-2 detected an 

other bands of lower molecular weight in OsA-CL extracts, and a much leas intense 
90 kd band mSW480 extracts. We could not distinguish whem^ 
weight bands in OsA-CL were due to protein degradation or alternative processing of 
MDM2 transcripts. The more than 20-fold clifference in intensity between the signals 
observed in OsA-CLand SW480 is consists wim the greater to 

MDM2 gene copy number in these two lines. Conversely, the 53 kd signal detectedwitfa 

P 53-specific mAb 1 801 was much stronger in SW480 than in OsA-CL consistent with the 

presence of a mutated p53 in SW480 (Fig. 9). 
Cells grown on cowslips were the^ 

MDM2 protein. A strong signal, exclusively nuclear, was observed in OsA-CL cells 

wim the IF-2nrAb and a weaker s«^ 

(Fig.10). The nuclear IcKalization 

mouse cells (Bamk et al., EMBO 72:461-468 (1993)) and the fact that human MDM2 
contains a nuclear localization signal at residues 179 to 186. Reactivity with the p53- 
S!)ecffic antibody was also 

the relative mtensmes consistent with the Western blot results (Kg. 9) . 
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The IF-2 mAb was then used (at 5 ^g/ml) to stain the seven primary sarcomas noted 
above. The nuclei of two of them (tumors #3 and #10) stained strongly (Fig. 11). Both 
of these tumors obtained MDM2 gene amplification (Table II). Ih the five tumors 
wiuiMtanmlification, little or no MDM2 reactivity was observed (example in Kg. 11). 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: BURRKLL, MARILEB 
HILL, DAVID E. 
KXHZLBR, KENNETH W. 
VOGBLSTBIN, BERT 

(ii) TITLE OF INVENTION: AMPLIFICATION OP ROHAN MDM2 GENE 
HUMAN TUMORS 

(ill) NUMBER OF SEQUENCES: 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: BANNER, BIRCH, MOCIE AND BECKETT 

(B) STREET: 1001 G STREE T, N.W. 

(C) CITY: WASHINGTON 

(D) STATE: D„C. 
(B) COUNTRY: USA 
(F) ZIP: 20001 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

<C) OPERATING SYSTEM: PC-DOS /MS -DOS 

CD) SOFTWARE: Patentln Releaae #i.o. Version #1.25 
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(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER; 

(B) FTTiTW S DATE: 07 -APR- 1993 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME : KAGAN, SARAH A. 

(B) REGISTRATION NUMBER: 32 r X41 

(C) REFERENCE /DOCKET NUMBER: 01107.42798 

(ix) TELEC0MM0NICATION INFORMATION: 

(A) TELEPHONE: 202-508-9100 

(B) TELEFAX: 202-508-9299 

(C) TELEX: X97430 BBMB XJT 

(2) INFORMATION »OR SEQ ID NO:l: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: **™*ar 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 



(iv) ANTI-SENSE: BO 
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(v) PRAOffiNT TTPB: N- terminal 

(vi) ORIGINAL SODRCB: 

(A) ORGANISM: Homo sapiens ' 

(viii) POSITION IN GENOME : 

(A) CHROMOSOME /SEGMENT: 17q 



<xi) SEQUENCE DESCRIPTION : SSQ ID NO:l: 



Mat Glu Glu Pro Gin Ser Asp Pro Ser Val Glu Pro Pro Leu Sar Gin 
1 

Glu Thr Pha Sar Asp Leu Trp Lys Leu Leu Pro Glu Asn Asn Val Leu 



20 



25 



30 



Ser Pro Leu Pro Ser Gin Ala 

35 . 40 



MetAspAapLeuMetLeuSerProAsp 

45 



Asp lie Glu Gin Trp Phe Thr Glu Asp Pro Gly Pro Asp Glu Ma 

60 



5 ° 55 



(2) INFORMATION FOR SEQ ID N0:2; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2372 base pairs 

(B) TTPE: nucleic acid 
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(C) STRANDEDNBSS: double 

(D) TOPOLOGY*: linear 

(ii) MOLECULE TOPE: CDNA 
(iii) HYPOTHETICAL; NO 
(iv) ANTI-SENSE: HO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 
(H) CELL LIKE: CaCo-2 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: 12ql2~14 

(ix) FEATURE: 

CA> NAME /KEY: CDS 

(B) LOCATION: 312.. 1784 

(xi* SEQUENCE DESCRIPTION: SEQ ID NO:2: 

GCACCGCGCG AGCTTGGCTG CTTCTGGGGC CTOTGTGGCC CTGTGTGTCG GAAAGATGGA BO 

GCAAGAAGCC GAGCC53AGG GGOGGCCGCG JVCCCCTCTGA OCGAGATCCT GCTGCTTTOG 120 

CftGCCAGGAG CACCGTCCCT CCCCGGATTA GTGOGTACGA GCGCCCAGTG CCCTGGCGOG 180 
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GAGAGTGGAA TGATCCCCGA GGCCCAGGGC GTOGTGCTTC CGCAGTAGTC AGTCCCCGTG 
AAGGAAACTG GGGAGTCTTG AGGGACCCCC GACTCCAAGC GCGAAAACCC GGGATGGTGA 

GGAGCAGGCA A ATG TGC AAT ACC AAC ATG TCT GTA CCT ACT GAT OCT GCT 
Met Cys Ann Thr Asn Met Ser Val Pro Thr Aep Gly Ala 
1 5 xo 

GTA ACC ACC TCA CAG ATT CCA GCT TOG GAA CAA GAG ACC CTG GTT AGA 
Val Thr Thr Ser Gin II. Pro Ala Ser Glu Gin Glu Thr Leu Val Arg 
15 20 25 

CCA AAG CCA TTG CTT TTQ AAG TTR TTA AAG TCT GTT GOT GCA CAA AAA 
Pro Lye Pro Leu Leu Leu Lys Leu Leu Lys Ser Val Gly Ala Gin Lye 

GAC ACT TAT ACT ZTG AAA GAG GTT CTT TTT TAT CTT GGC CAG TAT ATT 
Asp Thr Tyr Thr Met Lys Glu Val Leu Pfae Tyr Leu Gly Gin Tyr He 

60 

ATG ACT AAA CGA TTA TAT GAT GAG AAG CAA CAA CAT ATT GTA TAT TGT 
Met Thr Lye Arg Leu Tyr Aep Glu Lys Gin Gin His He Val Tyr Cys 
65 ™ 75 

TCA AAT GAT CTT CTA GGA GAT TTG TTT GGC GTG CCA AGC TIC TCT GTG 
Ser Asn Asp Leu Leu Gly Asp Leu Phe Gly Val Pro Ser Phe Ser Val 
80 «5 90 



240 



300 



350 



398 



446 



494 



542 



590 
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Lye Glu His Arg Lys lie Tyr Thr Met He Tyr tag Asa Leu M Val 
95 100 xos 



638 



GTC AAT CAG CAG GAA TCA TOG GAC TCA GGT ACA TCT GTG AST GAG AAC 
Val Asn Gin Gin Glu Ser Ser Asp Ser Gly Thr Ser Val Ser Glu Asn 
110 "5 120 xas 

AGG TGT CAC CTT GAA GGT GGG ACT GAT CAA AAG GAC CTT GTA CAA GAG 
Arg Cys His i* u Glu Gly Gly Ser Asp Gin Lys Asp Leu Val Gin Glu 
130 US X40 



686 



734 



CTT CAG GAA GAG AAA OCT TCA TCT TCA CAT TTG GTT TCT AGA CCA TCT 
leu Gin Glu Glu Lys Pro Ser Ser Ser His Leu Val Ser Arg Pro Ser 
145 ISO 



782 



"^"^ ^T AGA AGG AGA GCA ATT AGT GAG ACA GAA GAA. AAT TCA GAT 
Thr Ser Ser Arg Arg Arg Ala lie Ser Glu Thr Glu Glu Asn Ser Asp 
160 "5 170 



830 



GAA TTA TCT GGT GAA CGA CAA AGA AAA OGC CAC AAA TCT GAT &3T ATT 

Glu Leu Ser Gly Glu tag Gin tag Lys tag His Lys Ser Asp Ser lie 
175 180 185 



878 



TCC CTT TCC TTT GAT GAA AGC CTG GCT CTG TGT GTA ATA AGG GAG ATA 
Ser Leu Ser Phe Asp Glu Ser Leu Ala Leu Cys Val He tag Glu He 

190 155 

200 205 



926 
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TOT TCT GAA AGA AGC ACT AGC ACT GAA TCT ACA G6G ACQ CCA TOO AAT 
Cye Cys Glu Arg Ser Ser Ser Ser Glu Ser Thr Gly Thr Pro Ser'Asn 



210 215 



220 



CCG GAT CTT GAT GCT GGT GTA ACT GAA QJ TCA GCT GAT TOG TTG GAT 
Pro Asp Leu Asp Ala Gly Val Ser Glu His Ser Gly Asp Trp Leu Asp 

235 



225 230 



CAG GAT TCA GTT TCA GAT CAG TTT ACT GTA GAA TTT GAA GTT GAA TCT 
Gin Asp Ser Val Ser Asp Gin Phe Ser Val Glu Phe Glu Val Glu Ser 

250 



240 245 



CTCC^TCAC^uATTAT^CTT^G^d^ 

l*u Asp Ser Glu Asp Tyr Ser Leu Ser Glu Glu Gly Gin Glu Leu Ser 



255 



GAT GAA GAT GAT GAG GTA TAT CAA GTT ACT GTG TAT CAG GCA GGG GAG 
Asp Glu Asp Asp Glu Val Tyr Gin Val l*r Val Tyr Gin Ala Gly Glu 

285 



27 ° 275 

275 280 



TAX TGG AAA TGC ACT TCA TGC AAT GAA ATG AAT CCC COC C1T CCA TCA 
Tyrr Trp Lys Cys Thr Ser Cys Asn Glu Met Asn Pro Pro Leu Pro Ser 

315 



3 °5 310 



974 



1022 



1070 



1118 



1166 



ACT GAT ACA GAT TCA TTT GAA GAA GAT CCT GAA ATT TCC TCA GCT GAC 1214 
Ser Asp Thr Asp Ser Phe Glu Glu Asp Pro Glu lie Ser Leu Ala Asp 

300 



1262 
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CAT TGC AAC AGA TGT TGG 6CC CTT CGT GAG AAT TGG CTT CCT GAA GAT 
Has Cys Aan Arg Cys Trp Ala. Leu Arg Glu Asn Trp Leu Pro Glu Asp 
320 325 330 

AAA GGG AAA GAT AAA GGG GAA ATC TCT GAG AAA GCC AAA CTS GAA AAC 
LyS Gly Lys «y Glu lie Ser Glu Lys Ala Lye Leu Glu Asn 

33 5 340 34S 

TCA ACA CAA GCT GAA. GAG GGC TTT GAT GTT CCT GAT TGT AAA AAA ACT 
Ser Thr Gin Ala Glu Glu Gly Phe Asp Val Pro Asp Cyra Lys Lys Thr 
350 355 360 365 

AIA GTG AAT GAT TCC AGA GAG TCA TGT GTT GAG GAA AAT GAT GAT AAA 
He Val Asa Asp Ser Arg Glu Ser Cys Val Glu Glu Asn Asp Asp Lys 
370 375 380 

ATT ACA CAA GCT TCA CAA TCA CAA GAA AGT GAA GAC TAT TCT CAG CCA 
He Thr Gin Ala Ser Gin Ser Gin Glu Ser Glu Asp Tyr Ser Gin Pro 
3BS 390 

TCA ACT TCT AGT AGC ATT ATT TAT AGC AGC CAA GAA GAT GTG AAA GAG 
Ser Thr Ser Ser Ser He He Tyr Ser Ser Gin Glu Asp Val Lys Glu 
400 «0S- 410 

TTT GAA AGG GAA GAA ACC CAA GAC AAA GAA GAG AGT GTG GAA TCT AGT 
Phe Glu Arg Glu Glu Thr Gin Asp Lys Glu Glu Ser Val Glu Ser Ser 
♦15 420 425 



1310 



1358 



1406 



1454 



1502 



1550 



1598 
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TGT AGA CAA CCA ATT CAA ATG ATT GTG CTA ACT TAT TTC CCC 
Cys Arg Gin Pro lie Gin Met lie Val Leu Thr Tyr Phe Pro 
480 "5 490 

TAGTTGACCT GTCTATAAGA GAATTATATA TTTCTAACTA TATAACCCTA GGAATTTAGA 
CAACCTGAAA TTTATTCACA TATATCAAAG TGAGAAAATG CCTCAATTCA CATAGATTTC 

rrcxcrrao tataattgac ctactttgcst agtggaatag tgaatactta ctataatttg 

ACTTCAAXAT GTAGCTCATC CTTTACACCA ACTCCTAATT TTAAATAATT TCTRCXCTGT 
CTTAAATGAG aagtacttgg Ullim-IT CTTAAATATG tatatgacat ttaaatgtaa 
CTTRTTAITT TTTTTGAGAC CGAGTCTTGC TCTGTTACCC AGGCTGGAGT GCAGTGGGTG 
ATCTTGGCTC ACTGCAAGCT CTGCCCTCCC CGGGTTCGCA CCATTCTCCT GCCTCAGCCT 



1646 



41 



TTG CCC CTT AAT GCC ATT GAA CCT TGT GTG ATT TGT CAA GGT CQA CCT 
Leu Pro Leu Asa Ala lie Glu Pro Cys Val lie Cys Gin Gly Arg Pro 
430 «5 440 445 

AAA AAT GGT TGC ATT GTC CAT GGC AAA ACA GGA CAT CTT ATG GCC TGC 
Lys Aan Gly Cys He Val Hie Gly Lys Thr Gly Hie Leu Met Ala Cys 
450 «5 460 

*^A TGT GCA AAG AAG CTA AAG AAA AGG AAT AAO CCC TGC CCA GTA 1742 
Phe Thr Cys Ala Lys Lye Leu Lye Lys Arg Asn Lye Pro Cys Pro Val 
465 470 47S 



1694 



1784 



1844 



1904 



1964 



2024 



2084 



2144 



2204 
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42 



«*^TT«H^ 2264 
GCCCACCTCG GCCTOCCAAA GTGCTGGGAT TACAGGCATG AGCCAC08 



2372 



(2) HJFOHMAXION FOR SEQ ID HO:3: 

(i) SBQGBHCB CHARACTERISTICS .- 

CA) LKBSTHr 491 amino adds 
(B) TYPE; amino acid 
(D) TOPOLOGY: linea r 

(ii) MOLECULE TYPE: protein 

Cxi) SEQUENCE DBSCHlPTIOHr SEQ TU BO:3: 



Met Cys Asa Tlar Asn Met Ser V«1 «. . 

»c ser Val Pro ttr Asp oiy joa val lhr Bar 

1 5 

10 IS 
Ser dn He Pro Ala Ser Gl„ oin Gin r*r Leu Val ^ ^ ^ ^ 

reu Leu Lye Leu Leu Lye Ser Val 61y ^ ^ ^ 

Met Lys Glu Val Leu P*e Tyr Leu Gly Gin Tyr lie Met Tnr Lye 
50 
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Arg Leu Tyr Asp Glu Lys Gin Gin Hie lie Val Tyr Cys Ser Aan Asp 

65 ™ 75 

75 80 



Leu Leu Gly Asp Leu Phe Gly Val Pro Ser Phe Ser Val Lys Glu His 



85 



90 



95 



Arg Lys lie Tyr Tnr Met lie Tyr Arg Asn Le« Val Val Val Aan Gin 



100 



105 



110 



Gin Glu Ser Ser Asp Ser Gly T*r Ser Val Ser Glu Aan Arg Cys His 



115 



120 



125 



Leu Glu Gly Gly Ser Asp Gin Lys Asp Leu Val Gin Glu Leu Gin Glu 



130 



135 



140 



Glu Lys Pro Ser Ser Ser Hie Leu Val Q«r « 

xau val Ser Arg Pro Ser Thr Ser Ser 



145 



150 



155 



160 



Arg Arg Arg Ma lie Ser Glu Thr Glu Glu Asa Ser Asp Glu Leu Ser 



165 



170 



175 



Gly Glu Arg Gin Arg Lys Arg His Lys Ser Asp Ser lie Ser Leu Ser 



180 



185 



190 



Phe Asp Glu Ser Leu Ala Leu Cys Val lie Arg Glu He Cys Cys Glu 



195 



200 



205 



Arg Ser Ser Ser Ser Glu Ser Thr Gly tthr Pro Ser Asn Pro Asp Leu 



210 



215 



220 
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Asp Ala Gly Val Ser Glu His Ser Gly Asp Trp Leu Asp Gin Asp Ser 
22S 230 



235 



240 



Val Ser Asp Gin Phe Ser Val Glu Phe 



Glu Val Glu Ser Leu Asp Ser 
2 * 5 250 255 



Glu Asp Tyr Ser Leu Ser Glu Glu Gly Gin Glu Leu Ser Asp Glu Asp 
260 265 



270 



Asp Glu Val Tyr Gin Val Thr Val Tyr Gin Ala Gly Glu Ser Asp Thr 
27S 280 



285 



Asp Ser Phe Glu Glu Asp Pro Glu lie 



Ser Leu Ala Asp Tyr Trp Lys 



290 



295 



300 



Cys Thr Ser Cys Asn Glu Met 
305 310 



Pro Pro Lea Pro Ser His cys Asn 
3" 320 



Arg Cys Trp Ala Leu Arg Glu 
325 



Trp Leu Pro Glu Asp Lys Gly Lys 
330 33s 



Asp Lys Gly Glu lie Ser Glu Lys Ala Lys Leu Glu Asn Ser Thr Gin 
340 34S 350 



Ala Glu Glu Gly Phe Asp Val Pro Asp Cys Lys Lys Thr He Val Asn 
355 360 



365 



Asp Ser Arg Glu Ser Cys Val Glu Glu Asn Asp Asp Lys lie Thr Gin 
370 375 3eo 
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Ala Ser Gin Ser Ola Glu Ser Glu Asp Tyr Ser Gin Pro Ser Thr 
385 ago 



395 



Ser 
400 



Ser Ser lie lie Tyr Ser Ser Gin Glu Asp Val Lye Glu Phe Glu Arg 



405 



410 



415 



Glu Glu Thr Gin Asp Lye Glu Glu Ser Val Glu Ser Ser Leu Pro 



Leu 



420 



425 



430 



Asn Ala lie Glu Pro Cys Val He Cys 



435 



Gin Gly Arg Pro Lys Asn Gly 



440 



445 



Cys lie Val His Gly Lys Thr Gly His Leu Met Ala Cys Phe Thr Cys 
«0 455 



460 



Ala Lys Lys 
465 



lys Lys Arg Asn Lys Pro Cys Pro Val Cys 



470 



475 



Arg Gin 
480 



Pro He Gin Met 



lie Val Leu Thr Tyr Phe Pro 



485 



490 



(2) INFORMATION FOR SBQ ID N0:4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1710 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS : double 
<D) TOPOLOGY: linear 
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tii) MOLECULE TYPE: cDNA 
CUD HYPOTHETICAL; no 
(iv) AHTI-SE3SE: HO 

(vi) OBXOXSAL SOURCE: 

(A) ORGANISM r Mus mua cuius 

(ix) FEATORK: 

CA) NAME/KEY: CDS 

(B) IOCWnaBr: 202.. 1668 



(3d) SEQUENCE DESCRIPTION: SEQ ID NO:4 : 



^CICCXGCGGCCrcC^^^^ 

Mb t Cys Asa THr Am Met S er Val Ser Thr 
1 5 



10 



GAG GOT GOT GOV flOC ACC TdL OG AIT ecu OCT TOO GAA CAA GAG ACT 
Glu Gly Ala Ala Sex Bjp Ser Gin 11a Pro Ala Ser Glu Gin Glu Tar 



231 



279 
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_ „ , « lit TTQ AAG 7TQ TTA AAG TCC GIT QGA 

Val Arg fro Lys Pro Leu Leu Leu l„ l, , 

Leu I«u Lys Ser Val Gly 

45 50 

3U 5S 

CAG TAT ACT JUTS ACT JUU3 AGO TTA TAT GAC GAG MO CM CM3 CIIC AIT 

- t "* * - - * *. «n 

70 

AAO GAG CAC AGO AAA AXA TAT GCA A3Q ATC TAC AGA AAT 
- »" VAX ^ «. ». „ ne ^ ^ ^ n> - 

100 105 

TTA GTQ GCT GTR AGT CAG CAA GAC TCT GGC lea Tm rw». 

ivi eec ACA TCQ CTG AGT GAS AGT 
leu Val Ala Val s« Gln Gln ^ 

«* *ap Ser Gly lUr Ser Le U Ser Glu Ser 

415 120 

AGA CGT CAG CCT GAA GGT GGG AGT GAT CTG AAG GAT CCT ttc n» 

WAO SAT CCT ITS CAA QCG 

Arg Arg Qln Pro Glu Gly Gly Ser a«« t 

y eiy ser Asp Leu Lys Asp Pro Leu Gin Ala 
125 ** 
130 135 



327 



375 



423 



471 



519 



567 



615 
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Pro Pro Glu Qlu «.ys Pro Ser Ser Ser Asp Le U lie Ser Arg Leu Ser 

AGG AGA TCC ATT ACT GJU3 ACA GAA GAG AAC ACA GMT 
mr Ser Ser Arg Arg Arg Ser lie Ser Glu Thr Glu Glu A» rhr Asp " 
155 1€0 165 

GAG CTA OCT GGG GAG G6G CAC CGG AAG OGC CGC AGO TCC CUB TCC TIT 
Glu Leu Pro Gly Glu Arg His Arg Lys Arg Arg Arg Ser Leu Ser Phe 

GAT CCG AGC CTS GGT CTG TGT GAG CTG AGG GAG ATG TGC AGC GGC GGC 
MP Pro ser Leu Gly Leu Cy» Glu Leu Arg Glu Met Cys Ser Gly Gly 

195 200 



ISO 



663 



711 



759 



807 



ACG AGC^AGC AGT AGC AGC AGC AGC AGC GAG TCC ACA, GAG AOS CCC TOG 
Thr Ser ser Ser Ser Ser Ser Ser Ser Glu Ser Thr Glu Thr Pro Ser 

CAT CAG GAT CTT GAC GAT GGC GTA AGT GAG CAT TCT GGT GAT TGC CTG 
Hx. Gin Asp Leu Asp Asp Gly Vel Ser Glu Hie Ser Gly Asp Cys Leu 

225 230 

GAT CAG GAT TCA GTT TCT GAT CAG TTT AGC GTS GAA TTT GAA GTT GAG 
Asp Gin Asp Ser Val Ser Asp Gin Phe Ser Val Glu Phe Glu Val Glu 
2 " 2 « 250 



855 



903 



951 
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Ser Leu Asp Ser Glu Asp Ser tou 8er ^ 01u Gly ^ ^ ^ 



255 



260 



265 



TCA GAT GAG GAT GAT GAG GTC TAT CGG GTC ACA GTC TAT CAS ACA GGA 
Ser Asp Glu Asp Aep Glu Val Tyr Arg Val Tbr vel Tyr Gin Itor Gly 

GAA AGC GAT ACA GAC TCT TIT GAA GGA GAT OCT GAG AW TOC TTA GCT 
Glu Asp Thx Asp Ser p*. Glu Gly Aep Pro Glu U. s.r Lou AU 

« TAT TOG AAG TGT ACC TCA TGC AAT GAA ATS AAT CCT CCC CIT CCA 
Asp Tyr Trp l/ya Cya ihr Ser Qra Am Glu Het Aon Pro Pro Leu Pro 

TCA CACTSC AAA AGA TGC TSG ACC CTT CGT GAG AAC TGG CTT CCA GAC 
S-r HI. cy. at, cy. Trp TAT L.U Ar, Glu A.. Trp !«, p.. ^ 

GAT AAG SGS AAA GAT AAA GTS GAA ATC TCT GAA AAA OCC AAA CIG GAA 
Asp I*ys Gly Iqfb Asp Lye Vel Glu lie Ser Glu I^rs Ala 1/ye Leu Glu 



335 



340 



345 



AAC TCA OCT CAG GCA GAA GAA GGC TTS GAT GTS CCT GAT GGC AAA AAG 
A» S.r Ale sin Ala Glu du Gly I*u Asp Val pro Asp Gly Lye Lye 



350 



355 



360 



999 



1047 



1095 



1143 



1191 



1239 



1287 
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CTO ACA GAG AAT GAT GCT AAA GAG CCA TGT OCT QAO GAG GAC AGC GAS 
Leu Tlir Glu Asn Asp Ala Lys Glu Pro Cya Ala Glu Glu Asp Ser Glu 

375 



365 370 



GAG AAG GCC GAA CAG ACG CCC CTG TCC CAG GAG AGT GAC GAC TAT TCC 
Glu Lys Ala Glu Gin Thr Pro leu Ser Gin Glu Ser Asp Asp Tyr Ser 
380 385 



390 



CAA CCA TOG ACT TCC AGC AGC ATT GTT TAT AGC AGC CAA GAA AGC GTG 
Gin Pro ser Tte ser ser ser lie val Tyr Ser Ser Gin Glu Ser Vol 



395 



410 



AAA GAG TTG AAG GAG GAA AOS CAG CAC AAA GAC GAG AST GIG GAA TCT 
I*. Glu lau Lye Glu Glu Tnr Gin His Lys Asp Glu Ser Val Glu Ser 



4X5 



420 



425 



TCT TTC ACQ TCT GCA AAG AAG CIA. AAA AAA AGA AAC AAG CCC TCC CCA 
Cys Phe Thr Cys aIa Lys Lys Leu Lys Lys Arg Asn Lye Pro Cys Pro 



*60 4 « 

4 * 5 470 



1335 



1383 



1431 



1479 



AGC TTC^TCC CTS AAT GCC ATC GAA CCA TGT GTG ATC TGC CAG GGG CGG xs 27 
Ser Pne Ser Leu Asn Ala He Glu Pro Cya Val xie Cys Gin Gly Arg 

CCT AAA AAT GGC TGC ATT GTT CAC GGC AAG ACT GGA CAC CTC ATG TCA 1575 
Pro Lye Asn Gly Cys lie Val His Gly i^s Thr Gly His Leu Met Ser 
445 



1623 
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GTG TGC AGA CAG CCA ATC CAA ATG ATT GTG CTA AGT TAC TTC AAC 1668 
Val CyB Arg Gin Pro He Gin Met lie Val Leu Ser Tyr Phe Aim 
475 480 485 



TAGCTGACCT GCTCACAAAA ATAGAATTTT ATATTTCTAA CT 1710 



(2) INFORMATION FOR SEQ ID HO:5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 489 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 



met Cys Asn Thr Asn Met 'Ser Val Ser Thr Glu 
1 S 10 



Gly Ala Ala Ser Thr 
15 



Ser Gin He Pro Ala Ser Glu Gin Glu Thr Leu Val Arg Pro Lys Pro 

30 



20 2S 



Leu Leu Leu Lys Leu Leu Lys Ser Val Gly Ala Gin Asn Asp Thr Tyr 
35 40 4S 

Thr Met Lys Glu He lie Phe Tyr He Gly Gin Tyr He Bet Thr Lys 
S0 55 60 
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Arg Leu Tyr Asp Glu Lya Gin Gin His He Val Tyr Cys Ser Asn Asp 
« 70 



75 



80 



Leu Leu Gly Asp Val Phe Gly Val 



Pro Ser Phe Ser Val Lys Glu His 



85 



90 



95 



Arg lys lie Tyr Ala Hat lie Tyr Arg Asa Leu Val Ala Val Ser Gin 



100 



105 



110 



Gin Asp Ser Gly Thr Ser Leu Ser Glu Ser Arg Arg Gin Pro Glu Gly 
1« 120 



125 



Gly Ser Asp Leu Lys Asp Pro Leu Gin Ala Pro Pro Glu Glu Lys Pro 
130 135 



140 



Ser Ser Ser Asp Leu lie Ser Arg Leu 



145 



Ser Tnr Ser Ser Arg Arg Arg 



150 



155 



160 



Ser lie Ser Glu ttr Glu 6lu Asn Tor Asp Glu Leu Pro Gly Glu Arg 



165 



170 



175 



His Arg Lys Arg Arg Arg Ser Leu Ser Phe Asp Pro Ser Leu Gly Leu 



180 



185 



190 



Cys Glu Leu Arg Glu Met Cys Ser Gly Gly Thr Ser Ser Ser Ser 



Ser 



195 



200 



205 



Ser Ser Ser Glu Ser Thr Glu Thr Pro 



210 



Ser His Gin Asp Leu Asp Asp 



215 



220 
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Gly val Ser Olu His Ser Gly Asp Cys Leu Asp Ola Asp S ar Val Sar 
225 "230 

240 



235 



Asp Gin Phe Ser Val Glu Pha Glu Val Glu Sar La„ Asp se r Glu ^ 



245 



250 



255 



Tyr Sar Leu Ser Asp Glu Gly Hi. Glu Leu Sar Asp Glu Asp Asp 



260 



Glu 



265 



270 



Val Tyr Arg Val Tlir Val Tyr Gin Thr Gly Glu Ser Aap Thr Asp Ser 



275 



280 



285 



^ G1U Gly ** »» «» Ser Leu Ala Asp Tyr Trp Lys 



290 



Cy» Thr 



295 



300 



Ser Cys Asn Glu **n Pro Pro Leu Pro Ser His Cys Lye Arg Cys 
30S 310 



315 



320 



Trp Thr Lau Arg Glu Aaa Trp Lau Pro Asp Aap Lya Gly Lys 
325 



330 



Aap Lys 
335 



Val Glu lie Sar Glu Lya Ala Lya Lau Glu Aan Sar Ala Gin Ala Glu 



340 



345 



350 



Glu Gly Lau Aap Val Pro Aap Gly Lys Lys Lau Thr Glu Aan Aap Ala 



355 



360 



365 



Lya Glu Pro Cys ,Oa Glu Glu Aap Sar Glu Glu Lya Ala Glu Gin Thr 



370 



375 



380 
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Pro Leu Ser Ola Glu Ser Asp Asp Tyr Ser Gin Pro Ser Thr Ser Sar 
385 3so 



395 



400 



Ser lie Val Tyr Ser Ser Gin Glu Ser Val Lye Olu leu Lya Glu Glu 



405 



410 



415 



Thr Gin His lore Asp Glu Ser Val Glu Ser Ser She Ser Leu ten Ala 
420 



430 



lie Glu Pro Qre val He Cys Gin Gly Arx, Pro Lys A«ra Gly Cye He 
435 440 



445 



Val His Gly lys Tnr Gly Hie Leu Met Ser Cya Phe Thr Cys Ala Lye 
450 



460 



Lye Leu Lye Lys Arg Asa Lye Pro Cys Pro 



Val Cya Arg Gin Pro He 



465 



470 



475 



480 



Gin Met He Val Leu Ser Tyr Phe Asn 
485 
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CLAIMS 

1. A method of diagnosing a neoplastic tissue in a human comprising: 
detecting amplification of human MDM2 gene or elevated expression of a 

human MDM2 gene product in a tissue or body fluid isolated from a human, wherein 

amplification of tl.hu^MDm 

produaprovidesadiagnosisofn^ 

2. of claim Iwherem^ 

3. ^n«^°f claim Iwheremelev^ 
detected, said gene product being mRNA. 

4. The method of claim 1 wherein elevnt^H <www .„- 

wuMcm eievated expression of a gene product is 

detected, said gene product being human MDM2 protein. 

5. The method of claim 3 wherein said mRNA is detected by Northern blot 
analysis by hybridizing n^fr^ 

nucleotides 1-2372 of human MDM2, as shown in Figure 1, or fragments thereof 
consisting of at least 14 contiguous nucleotides. 

Blot analysis by reacting human MDM2 proteins with antibodies which are 
mimunospedfic for MDM2 protein. 

polymerase chain itactioiu 

9. Thenn J tliodcrfclaim2wlu^anmm 
dete^ by Southern blor analysis wher^ 

nucleotide probe which is complementary to hMDM2 DNA. 

10. Themethcdofclam a 2wheremgeneampm 

the copy number of ^i***^*^^*^^^ 
tissue of the human. 



1 
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n. 



by co^ — o f hMDM2 m RNA il , theteueIotlKamonmof 
mRNA in a normal tissue of the human. 

^ ^ of eta 4 ^ rf ^ 

omdmz proton in a nonnal time of the human. 

Wold mote hMDM-2 DNA is observed in the tissue relative to a control sample 
composing a normal tissue. — *-f*> 

3,m ^^^^beroine^espses^isde^wbcnatWs. 
3^^WnMne bMDM-2 mRNA is observed in the tissue relative to a control sampte 
comprising a nonnal tissue. 

3 f ' 5 ' ^^ rf ^ 4W ^^«^^"*m*dwbenm I e B , 
3-fokl more hMDM2 proteia is observed in rhe tissue relative to a conrrol sample 
comprising a nonnal tissue. 1 

17. nie method of claim 16 wherein the sarcoma is a linn*,,™™ « 
fibnxsshistioc^ ^-almosanxm^n,^ 

18. A cDNA molecule comprising nucleotides 1 to 2372, as shown in Figure 1 
or fragments thereof, consisting of at least 14 contiguous rradeotides ' 

^ ^^A molecule of claim 18 comprising the coding sequence of human 

20. Human MDM2pnxemsubstann^ 

21. A preparation of amibodies specifkally irnmunoreactive with human MDM2 
protein. 

22. ^ preparation of claimJlwhenAaeantibodies are 

23. Aanckotidepn^con^,,^^^^^^^^ 

compleinemary to nucleotides 1-2372 of human MDM2 gene, as shown m Figure 1 
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24. A »^*^tlK !m ^fl t ^ ofjtoMM ^ tai|i ^ 
or body ftaid sample con^ •«^««p«*«a trt *«, t ^ Wlillgl0 

said human MDM2 gene under conditions of high stringency, and instructions for 
determining said amplification. 

25. A kit for detecting devated expression of a human MDM2 mRNA in a hmnan 
tusueorbc^yfluidsanmleootiip^ ^mc^^^a^^,^^^ 
said mRNA, and written insmictions for deteimining elevated expression of mRNA. 

26. A kit for detecting elevated expression of a human MDM2 protein in a human 
tissue or body ^^cm^unmjm^H^ma^mA^ 
uistnicticmfortteainmi^ 

27. Amemodoftreatingaueoplasticc^oraceilhav^ 

comprising: ' 



«tainisteringto.acdlam^ 
compound which inters with ^ 

28. lTu,methcd of claim 27 wherem express^ 
mlnbited by adnmhstcring antisense ohgonnclcotioes, 

29. ' Tl,e method of claim 27 wh«em«p^ 

uthibhed by adntinistering tripuvstrand forming oligormcleotides which interact with 
DMA. «w»w wnn 

30. A method for identifying compounds winch interfere with the binding of 
human MDM-2 to human p53, comprising: 

bmdingapmtaennm^ 
labelled to a second human protein; 

addingacompcnmdtobete^ 
and second proteins to each other; 

dctenninhnj the quantity of tte 
prevented from binding to the second human protein; 
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wherein the first human protein is MDM-2 and the second human protein is 
p53 or the first human protein is p53 and the second hmwn protem is MDM-2. 

31. The method of claim 30 wheiem oiie of said two human pr^ 
a solid support 

32 . The method of claim 30 wherein an antibody specifically immunoreactive with 
said second human protein is used to separate fi« Inmm i>ro«em bomid from mbcm^ 
first human protem. 

33. A method for mhibiting the growth of tumor cells which contain a human 
MDM2 gene amplification, comprising: 

administcdngapolypepti^ 
ainpflfcatioo, said polyptide consisting essentially of a portion of p53, said portion 
comprising amino adds 13-41 of P 53, said polypeptide being capable of binding to human 
MDM2. 

34. The method of claim 33 wherein said polypeptide comprises amino acids Ml 
The method of claim 33 wheremsaMpoIyD^ 

The method of claim 33 wherein said polypeptide comprises amino acids 1 -50 

A method for inhibiting the growth of tumor cells which contain a human 
MDM2 gene amplification, com prising : 

adnnmstermgtooimorcelkwh 
a DNA molecule which expresses a polypeptide consist** 

said portion comprising amino adds 13-11 of p53, said polypeptide being capable of 
binding to human MDM2. 

38. The method of claim 37 wherein said polypeptide comprises amino acids 1-41 
ofp53. 



ofp53. 

35. 
ofp53. 

36. 
ofp53. 

37. 
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39 . The method of claim 37 wherein said polypeptide comprises amino acids 1 3-57 
ofp53. 

40. The method of claim 37 wherein said polypeptide comprises amino acids 1-50 
ofp53. 

41. A polypeptide consisting essentially of a portion of p53, said portion 
comprising amino acids 13-41 of p53, said polypeptide capable of binding to human 
MDM2. 

42. The polypeptide of claim 41 which comprises amino acids 1-41 of p53. 

43. The polypeptide of claim 41 which comprises amino acids 13-57 of p53. 

44. The polypeptide of claim 41 which comprises amino acids 1-50 of p53. 

45. The preparation of claim 21 wherein the antibodies do not bind to other human 
proteins. 

46. The preparation of claim 21 wherein the antibodies do not bind to human 
Proteins of M, 75-85K, 105-120K, and 170-200K. 

47. The preparation of claim 21 wherein the antibodies bind to the epitope bound 
by antibodies secreted by hybridoma IF2 (ATCC HB 11290). 

48.. The preparation of da^ 
by antibodies secreted by hybridoma ED9 (ATCC HB 11291). 

49. Theineth(xlofclaim7wheremthea 

bound by antibodies secreted by hybridoma 3F2 (ATCC HB 11290). 

50. The method of claim 4 wherein human MDM2 protein is detected by 
immimohistochcmistry. 

51. The method of claim 50 wherein antflxxiies are employed in the 
immimohistochemistry which bind to an epitope on hMDM2 bound by the antibodies 
secreted by ED9 (ATCC HB 11291). 

52. The method of claim 50 wherein antibodies are employed in the 
immuru>histochemistry which bind to an epitope on hMDM2 bound by the antibodies 
secreted by IF2 (ATCC HB 11290). 
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53. ^ ^ of data 4 wh^ ^ ^ ^ 
immunoprecipitation. 

^54. A hybridoma ceil having the identifying characteristics of ED9 (ATCC HB 
55. A hybridoma cell having the identifying characteristics of TP2 (ATCC HB 
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FIGURE 5 
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FIGURE 7 




FIGURE 8 
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FIGURE 10 
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